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ABSTRACT 
 
This paper evaluates the shear strength and failure mode of AR500 steel and 
AA7075 aluminium alloy brazing joint panels caused by shear loading. The 
use of steel and aluminium laminated metal composite is increasingly 
popular since they are well known for lightweight application and stiffness 
properties and this makes them the material of choice in automotive industry. 
However, the formation of reaction layer phases has limited the application 
of this method of joining due to the adverse effect of these phases on the 
strength of the joint. In this work, AR500 steel and AA7075 aluminium alloy 
interface joint were fabricated by torch brazing method using Al-Si-Zn base 
material as its filler metal for different types of surface conditions. The 
joining was evaluated for shear strength performance. The experimental 
results showed that the highest shear strength for the panel was recorded at 
8010 N. Fractures were mostly seen at the joint interface area. In general, 
the torch brazing process with different surface joining conditions, had 
facilitated the joining of these dissimilar metals while improving the 
mechanical properties of the joint.    
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Introduction 
 
The increasing demand of cost efficient transport system especially low fuel 
consumption vehicle has influenced the automotive industries to problem by 
developing light weight car bodies which involves the joining of dissimilar 
materials.[1] The joining of steels and aluminium alloys were done  to 
achieve weight reduction and to lower the cost of vehicle. Development of 
steel and aluminium alloy joint was studied by various researchers and 
organisations in automotive industries.[2] 
Several joining methods have been studied to join steel and 
aluminium together, such as adhesive bonding [3], welding [4,5], riveting 
[6,7], and brazing [8]-[10]. The brazing of aluminium to steel is a reliable 
process that has good potential for automotive applications and to reduce the 
manufacturing cost [11]. 
 The joint between two elements made of dissimilar materials will 
influence the physical, chemical and metallurgical properties. The greater the 
differences in the properties , the more difficult to produce the joint. [12] The 
main issue in joining steels and aluminium alloy is the formation of 
intermetallic compound layer on the joint commonly in the fusion zone. The 
formation of brittle intermetallic compound will cause deterioration and 
reduce the strength of joint.[13,14]    
Hence, the purpose of this study is to investigate the mechanical 
integrity of AR500 steel and AA7075 aluminium alloy joint produced by a 
simple torch brazing process. Low melting temperature Al-Si-Zn material 
was used as the filler metal. Results for the surface fracture, hardness and 
shear strength of the joints were discussed herein. This work is significant 
because it provides deeper understanding on the interfacial bonding reactions 
between the two difficult-to-join alloys using a simple torch brazing process. 
 
Experimental Detail 
 
The materials used for this study are AA7075 aluminium alloy and AR500 
high-strength steel. These materials were selected because they have been 
widely used in the heavy commercial vehicle industry and they have the best 
properties in terms of strength and wear resistance. The joint between these 
two metals were produced by a torch-brazing process using CsAlF4 flux-
cored Al-Si-Zn base filler wire with 15-20% flux composition. The chemical 
composition of AA7075 aluminium alloy and AR500 high-strength steel are 
provided in Table 1 and Table 2, respectively. 
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Table 1: Composition of AA7075 aluminium alloy (wt.%) 
Si Fe Cu Mn Mg Cr Zn Ti Zr Al 
0.16 0.22 1.13  0.09  2.03  0.21  6.13  0.027 0.026   Bal 
 
Table 2: Composition of AR500 high-strength steel (wt.%) 
 
C Si Mn P S Ni Cr Mo B                Fe
0.39 0.63  0.87  0.01  0.01  0.02  0.53  0.003  0.002 Bal 
 
 
The materials were supplied as plate and were cut to lengths suitable 
for shear strength testing. The ends of both the steel and aluminium samples 
were machined by a wire-cutting machine to 79.5 mm in length, 25.4 mm in 
width, and 2.5 mm in thickness, as shown in Fig. 1. The surface of the 
specimen was prepared by removing the oxide film on both plates using 
silicon carbide sand paper and set with different surface condition as in Table 
3 and micrograph of surface texture as shown in Fig. 2(a-d).  
The filler prepared by rolled the filler wire to 0.5 mm thickness and 
cut into strips of 3.5 mm x 25 mm and arranged to fill the surface of the base 
metal, as shown in Fig. 3(a, b). The chemical composition of the filler metal 
is shown in Table 4. The joining process start with the AA7075 aluminium 
alloy overlapped the high-strength steel plate and the filler metal is between 
the two metals, as shown in Fig. 4(a) and then torch-brazing process involved 
the burning of butane gas was heated to the surface of base metal (AR500 
steel), the joining method between these two metals is shown in Fig. 4(b). 
 The surface of base metal was heated to a temperature within a range 
where the bonding phase between the molten filler metal and the base metal 
can occur (477⁰C± 5⁰C). The temperature recorded was interface temperature 
of overlapped materials.  
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Figure 1: Dimensions of steel and aluminium sample 
 
Table 3: Surface condition of joint plate 
 
Experiment Surface 
Preparation 
Surface Roughness / Texture 
1 Polished by 180 
grit in 3 minute 
AR500   – 0.322µm     (Fine) 
AA7075 – 0.663µm   
2 Polished by 40 
grit in 3 minute 
AR500   –1.427µm      (Coarse) 
AA7075 – 3.047µm  
3 Micro scale 
groove was 
produced by wire 
cut machine 
AR500   – 124.07µm   (Groove) 
AA7075 – 124.07µm 
4 Polished by 180 
grit + slot 
Fine and Slot (diameter 4mm on 
aluminium plate) 
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Figure 2: Micrograph of surface texture: (a) polished by 180 grit SiC 
paper, (b) polished by 40 grit SiC paper, (c) micro scale groove, (d) polished 
by 180 grit SiC paper + slot on AA7075 
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Figure 3: Filler metal preparation: (a) filler metal, (b) filler metal 
arrangement in specimen 
 
 
Table 4:  Composition of Al-Si-Zn base filler metal (wt.%) 
 
   Si Fe Cu Mn Mg Cr   Ni  
14.84 3.13 0.58 1.42 1.70 0.06 1.49 
 Zn Ti Ag Pb Sn V   Al 
15.60 2.02 0.1 0.87 3.75 0.13 Balance 
 
   
 
 
Figure 4:  Joining process: (a) overlap of steel and aluminium for 
joining process (b) torch brazing process 
 
The joint strength of brazed specimen was evaluated by shear testing. 
The shear strength was evaluated as average values using three specimens for 
each condition. Shear tests were carried out in a universal testing machine 
with a load cell (model Zwick Roell Z100). The cross-section of the brazed 
joint after shear testing was observed by using a variable pressure scanning 
electron microscope (VP-SEM) (model Zeiss Evo Ma 10). Specimens for 
SEM were provided by cutting both metals to the size of 10 mm x 10 mm x 
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2.5 mm and carried out brazing process. The surface fractures caused by the 
shear test were observed by using a digital camera and the hardness test with 
three reading of each condition was conducted by using a Rockwell Brinell 
machine (model Shimadzu DXT). 
 
Result and Discussion 
 
Shear strength 
Figure 5 summarizes the shear strength of the joints brazed in four types of 
surface condition (the result was average of 3 sample of specimen). The 
results indicated that the strength of the brazed joints are different in relation 
to the surface condition. The joint on fine surface with slot showed the 
highest value-8010N, while the joints of fine and coarse surface condition 
were 6540 N and 2080 N, but the joining on groove surface was 
unsuccessful. The join strength on fine surface content slot increased 18% 
compared to only on fine surface. Therefore, the surface content slot is 
beneficial to increase the strength of the joints. From these preliminary 
results, it appears that fine surface gives favourable joint strength than the 
coarse surface. 
 
 
Figure 5: Shear load vs surface texture for torch brazing of joint 
between AR500 steel and AA7075 aluminium alloy 
 
 
Hardness of base metal 
The resulting hardness on AR500 steel and AA7075 aluminium alloy after 
brazing process was also investigated. The hardness of base metal was tested 
on the outer surface of the joint metals (average hardness values of 3 readings 
for each condition). Figure 6 shows these hardness values of metals. Figure 6 
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indicates there was no significant change in the hardness of the steel base 
metal. The temperature has start an effect on the microstructure and 
properties of steel at around 738°C (eutectoid temperature which is the 
minimum temperature for austenite)[15]. The  temperature  used  in  the  
brazing process in the current study was 477°C, therefore  no significant 
change in the hardness value of  the  steel  took  place. The hardness of 
aluminium decreased as a result of annealing. According to Isadare et al., 
coarse grains of the MgZn2 phase were formed during the annealing process 
at 470°C and non-uniformly distributed in the aluminium matrix [16]. This 
brazing process caused the reduction of base metal hardness by 
approximately 10% on AR500 steel and 35% on AA7075 aluminium alloy. 
 
  
 
Figure 6: Hardness vs surface condition for AR500 and AA7075 
specimen plates 
 
SEM and EDX analysis on AR500 steel and AA7075 aluminium 
alloy joint 
The results of the SEM and EDX analysis on AR500 steel and AA7075 
aluminium alloy joint shown in Fig. 5. They show that the reaction layer or 
the IMC formed on the AR500/filler consisted of C, Cs, Al, Zn and O 
elements, whereas on the AA7075/filler metal the reaction layer and IMC 
consisted of Fe, Al, Zn and O elements. The formation IMC (Fe-Al) and 
oxide in the interface of filler metal and base metal caused the joint strength 
to reduce [13,14]. The EDX analysis in Fig. 7 shows that the IMC  formed  in  
the  brazed joint  consists  of  a  Zn -rich  compound.  The side containing 
low zinc compound causes the IMC to decrease and increase the shear 
strength [17,18]. This condition causes the fracture occurred in the AA7075 
aluminium alloy and filler interface where the IMC consists of a high zinc 
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compound. The several spot area in EDX analysis was done, the results show 
the constant value of element and compound form in reaction layer and IMC 
area.  
  
 
 
 
 
Figure 7: EDX analysis of torch-brazed joint between AR500 steel 
and AA7075 aluminium alloy: (a) SEM image of spot areas, (b) analysis of 
spot area 1 (reaction layer of AR500/filler), (c) analysis of spot area 2 
(reaction layer of AA7075/filler) 
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Fracture surface observation 
Figure 8 shows images of the fracture surfaces after the shear test. In all 
specimens, fractures occurred at the metal and filler interface except for the 
joint with groove surface in which the joining was unsuccessful. The joint 
fracture of AR500/AA7075 joint occurred between AA7075 and filler 
interface for fine and coarse surface. While, for the joining on fine with slot 
surface, the fracture was occured on AR500 and filler interface. Observation 
on failure surfaces shows dark reaction layer formed on aluminium surface 
considered as oxide and entrapped flux [19]. This formation of layer caused 
the problem in the joining process by reducing capillary action between filler 
metal and base metal.  
Observation in Fig. 8(b) and 8(c) shows, the amount of dark reaction 
layer was high and covered the aluminium surface on coarse and groves 
surface. This was inline with several studies, whereby, the increase in surface 
roughness of the base metal influenced the spreading of molten filler on it. 
According to the studies, asperities present on a rough and groves surface 
acted as barriers needed to be overcome by molten filler while spreading. 
[20,21]. This situation caused some flux to be entrapped and the filler metal 
prevented from spreading to whole joint area and reacting with aluminium 
surface. This situation caused the joint process to fail or led to decrease in the 
strength.  
The joint in Fig. 8(a) and 8(d) shows only small quantity of reaction 
layer formed in the surface of aluminium, this situation influenced the better 
capillary action between filler metal and aluminium. This situation caused the 
joint strength to increase. The result shows, the join strength on fine surface 
with slot is better than fine surface. This is due to the fact that the slot hole on 
the surface helped the flowing out of flux and reduced the entrapped flux in 
joint surface. The filler metal brazed in the slot area also caused the joint 
strength increased. The joint at this surface condition was the highest joint 
strength acquired.  
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Figure 8: Fractured surfaces of AR500 steel and AA7075 brazed joint: 
(a) joint fracture surface for fine surface, (b) joint fracture surface for coarse 
surface, (c) joint fracture surface for groove surface, (d) joint fracture surface 
for slot surface. 
 
Conclusion  
 
In this study, the joining of AR500 steel and AA7075 aluminium alloy using 
torch brazing method was successfully carried out. The effect of surface 
texture was investigated and the results obtained can be summarized as listed 
below: 
 
1. The study shows that the joining on combination of fine surface 
and slot is better than fine, coarse and groove surface condition. 
 
2.  The highest shear load was 8010 N, which was obtained by 
brazing on combination of fine and slot surface. 
  
3. The hardness of the aluminium base metal declined during the 
brazing process. The decrease in hardness was due to the 
increasing grain size of the aluminium base metal caused by 
annealing process. 
 
4. Fractures occurred on the surface of the aluminium/filler. From 
visual observation, it would seem that the formation of a reaction 
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layer on aluminium surface can be considered as an oxide layer 
and entrapped flux which affected the capillary action of filler 
with aluminium surface and thus significantly reducing the 
strength of the joint. 
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